Objective. To compare the interpretation of lumbar spine magnetic resonance imaging (MRIs) by clinical spine specialists and radiologists in patients with lumbar disc herniation.
MRI is the imaging modality of choice for evaluation of suspected lumbar disc herniation. Although MRI provides excellent anatomic detail, the relationship between pathoanatomy and clinical symptoms is controversial. It can be difficult to know which details of the anatomic picture are important, and what findings are more likely than others to manifest clinically.
Several studies [1] [2] [3] [4] have shown that MRIs of asymptomatic patients have a high prevalence of bulges and protrusions in the lumbar spine, but extrusions were rarely observed. The Combined Task Force of the North American Spine Society, American Society of Spine Radiology, and American Society of Neuroradiology has issued guidelines that provide standardization of terms to characterize disc herniation, as well as other disc pathology. 5 To what extent these guidelines are being followed in clinical practice is unknown.
The Spine Patient Outcomes Research Trial (SPORT) is a clinical trial with both randomized and observational cohorts conducted at 13 sites with multidisciplinary spine practices across 11 states. 6 -8 Using patients with disc herniation from the randomized cohort of this study, we compared the interpretation of a radiologist and a clinician reading the same image. Based on our review of the literature, this has not been reported previously. We compared radiologists' reports from free text dictation to the data from an imaging form completed by the enrolling physician.
Materials and Methods

Patient Population
Patients for this study were participants in the randomized cohort of SPORT with a diagnosis of intervertebral disc herniation. 7, 8 These patients all had radicular pain and evidence of nerve root compression by physical examination and evidence of disc herniation at the level and side of symptoms by MRI or computed tomography (CT). Exclusion criteria included cauda equina syndrome, progressive neurologic deficit, malignancy, significant deformity, prior back surgery, and other established contraindications to elective surgery. Overall, 501 IDH patients were randomized in SPORT; the study population had a mean age of 42, with majorities being men, white, having attended at least some college, and working; 16% were receiving disability compensation. All patients had symptoms for at least 6 weeks; about 20% had symptoms for greater than 6 months. Most of the herniations were at L5-S1, posterolateral, and were extrusions by imaging criteria. 7, 8 Although all had advanced imaging (97% MRI, 3% CT), 105 patients did not have MRI radiology reports available, leaving a total patient population of 396 for this study.
Imaging
The patients' baseline MRIs provided the initial diagnosis of disc herniation. There was no specified protocol for imaging; scanner and imaging protocols in routine clinical use at the study sites were used. These images were read by both the clinician caring for the patient as part of the inclusion criteria for SPORT, as well as a radiologist as part of routine clinical practice at each site. Each study was thus read by 1 clinician and 1 radiologist whose interpretations were compared. Clinicians were specialists in the areas of orthopedic spine surgery, neurosurgery or nonoperative spine care. The data form included level, morphology, and axial location of the disc herniation ( Table 1 ). The radiology reports were clinical reports copied from the medical record with written patient informed consent.
Data Abstraction
Using standardized rules, the radiologists' free text reports were abstracted into categories equivalent or nearly equivalent to those on the clinician imaging forms. These categories are shown in Table 1 . Care was taken to avoid making assumptions about the radiologists' dictations; protrusions, extrusions, and sequestered fragments were selected only if the radiologist used these terms or some clear derivative. When the report was inconclusive between protrusion/ extrusion or extrusion/sequestration, such as if 1 term was used in the body of the report but a different term in the impression, the more abnormal category (e.g., extrusion or sequestration) was selected.
Data Analysis
For the analysis of agreement on vertebral level, the radiologist had the option of choosing several levels, but the clinician could choose only 1 level-the level of the symptomatic herniation for which the patient was enrolled in SPORT. For the purposes of analysis, the data were reformatted with 1 option for the clinician (level of herniation) and 2 options for the radiologist (agree or disagree with clinician level). Therefore the statistic could not be used to assess agreement, as a 1 ϫ 2 table resulted. Instead of , percent agreement and adjusted percent agreement were calculated for this parameter. 9 For comparison of morphology where categories were considered nominal, an unweighted statistic was calculated from the 3 ϫ 3 table after the reports that did not indicate a specific morphology were excluded. Asymmetry was noted by constructing a histogram of the difference between the clinician and radiologist morphology scores. Bowker's test of symmetry 9 was used to determine the significance of asymmetry observed in the morphologic data.
For comparison of axial location data, where were considered ordinal, a weighted statistic was calculated using FleissCohen quadratic weights in a 7 ϫ 10 table, excluding the radiologists' reports that did not indicate a specific location. 10 The radiologists' left/right unclear categories (Table 1) were given 0.89 weight if the clinician agreed on the side, and 0.56 weight if center. If the radiologist chose 2 locations, weight of 1.0 was given if the clinician chose either one of these locations. If 3 or 5 locations were chosen and the clinician chose the center, or if 4 was chosen and the clinician chose either of the two center locations, full weight of 1.0 was given. In the cases of multiple locations that did not meet these criteria, but were 1 category away, a weight of 0.56 was assigned.
The location data were also analyzed for left-right agreement. In the cases of multiple locations listed by the radiologist, the same method described above was used to determine left, right or center. Those patients with central herniations, as described by either the clinician or the radiologist, were excluded from this analysis. An unweighted statistic was calculated using a 2 ϫ 2 table. Reliability of the data abstraction was tested on a random sample of 10% of reports using an unweighted .
Calculations were performed with Intercooled Stata 6.0 and Microsoft Excel 2003. Although the interpretation of strength of agreement based on values is controversial, in this article we followed the schema of Landis and Koch:
11 Ͻ0 ϭ poor; 0 to 0.20 ϭ slight; 0.21 to 0.40 ϭ fair; 0.41 to 0.60 ϭ moderate; 0.61 to 0.80 ϭ substantial; 0.81 to 1.00 ϭ almost perfect.
Results
Reliability of Abstraction Process
Reliability of the data showed excellent reproducibility. s for the various parameters ranged from 0.89 to 1.00.
Herniation Level
Of the 396 cases included in the study, the clinician and radiologist agreed on the vertebral level of the herniation for 370 (93.4%), which corresponds to an adjusted percent agreement of 87%. Of the 26 (6.6%) patients where there was disagreement about the level, the radiologists reported a herniation at a different level in 13 patients, Level  L2-L3  L2-L3  L3-L4  L3-L4  L4-L5  L4-L5  L5-S1 L5-S1 and reported no herniation at any level in another 13 patients (Table 2) .
A closer look at these 13 cases where the clinician and radiologist agreed that a herniation was present but disagreed about level revealed the presence of a transitional vertebra in 4 patients; this may have lead to a difference in numbering the vertebrae. Three of the remaining 9 patients had available operative reports which showed that 2 patients had surgery on the herniation level reported by the clinician and 1 had surgery on the herniation level reported by the radiologist.
In the 13 cases where the radiologist reported no herniation, all available MRI reports showed a bulge at that same level with the exception of 1 case that instead described a disc/osteophyte complex. Five bulges were reported to be asymmetric and resulted in narrowing of the vertebral foramen. In 1 of these cases, the asymmetric bulge was reported to directly contact a nerve root.
Herniation Location
The 370 cases in which the radiologist and clinician agreed on the vertebral level showed excellent agreement on both the axial ( ϭ 0.81) and left/right ( ϭ 0.93) location of the herniation. In 10 patients (3.3%), the clinician and the radiologist disagreed on the side of the herniation. Eight patients (2.2%) were not used in this analysis because the radiologist noted a herniation but did not specify its location within the vertebral level. Another 58 patients (15.8%) had central herniations and were excluded from the left/right analysis ( Table 2) .
Herniation Morphology
Although clinician and radiologist agreed on the vertebral level of the herniation 93% of the time, agreement on the morphology of the herniation was only fair. Of 370 cases where there was agreement of the vertebral level of the herniation, the specific morphology of the herniation was not reported by the radiologist in 42.2% of cases (Table 2 ). In the 214 cases where a specific morphology was identified, the statistic ( ϭ 0.24) showed fair agreement (Table 3) . Analysis of this disagreement showed an asymmetric distribution of morphology (S ϭ 35.75, P Ͻ 0.0001), with the clinician more often reporting the more abnormal morphologic category (Figure 1) . In other words, clinicians reported an extrusion in cases where the radiologist reported a protrusion significantly more often than clinicians reported a protrusion when the radiologist called it an extrusion.
Discussion
Herniation Level
The agreement between the radiologists with the clinicians on the presence and vertebral level of the disc herniation was excellent, with 93.4% agreement. Of the 26 (6.6%) patients with disagreements, 13 patients had raters noting herniation at different levels. A third of these patients were also noted to have transitional vertebrae, which may explain this disagreement between levels as a difference in vertebral numbering. We believe that these 2 raters likely saw the same herniation, but described it differently. Of the remaining 9 patients, operative reports were available for 3, with surgical findings supporting the clinician's interpretation twice and radiologist's once.
When the radiologist failed to report any herniation, they typically reported asymmetric bulges that were interpreted as herniations by the clinicians. Interestingly, of these 13 (3.3%) cases, 7 (1.7%) were graded as an extrusion by the clinician, suggesting a substantial difference in morphologic interpretation between the clinicians and radiologists in these cases.
Herniation Location
The agreement between radiologist and clinician on the herniation location within the vertebral level was excellent. The data were examined using the discrete locations provided by the raters (Table 1) , and also using the data after it was reformatted into left, right, and center locations.
Despite the excellent agreement in the left/right data, there was disagreement on the lateralization of the herniation for 6 patients (2.0%). This may be important since clinical symptoms usually lateralize, and disagreement about the side of the disc herniation relative to the patient's symptoms could alter treatment recommendations. Unfortunately, 5 of the 6 patients with left-right disagreements were randomized to conservative management, resulting in the actual location of the herniation being confirmed in only 1 patient. In this patient, the clinician reported herniation on the left, which was confirmed in the operation, and the radiologist reported a herniation on the right. We speculate that these 6 cases of left/right confusion are because of human error rather than real ambiguity in the images. Therefore, it is important for clinicians who treat patients with back pain but do not regularly read MRIs to understand that left/right confusion does occur, even among experienced readers. Although 2.0% is a small minority of patients, it is large enough to be observed on a regular basis in clinical practice.
Herniation Morphology
The data regarding herniation morphology is a good barometer of the standard practice of the radiologists describing disc herniation morphology compared to the task force guidelines. In 42.2% of the cases, the radiology dictation did not provide enough detail to classify the herniation as a protrusion, extrusion, or sequestered fragment (most said just "herniation"). Although the true clinical significance of these terms has not yet been determined, the difference in prevalence of protrusions and extrusions among asymptomatic subjects in prior studies suggests that this morphologic distinction may be important. An increased effort by lumber spine MRI readers to use these terms in accordance with published guidelines can only help in future studies. 5 In the 214 patients with clearly defined morphology, the data shows fair agreement ( ϭ 0.32), in contrast to formal reliability studies that have reported moderate to substantial agreement. Using the same classification scheme, BrantZawadzki et al found moderate inter-reader agreement (unweighted ϭ 0.59) and Jarvik et al found moderate to substantial inter-reader agreement with weighted s of 0.50 to 0.75 across reader pairs. 12, 13 Similarly, Solgaard et al and Weishaupt et al found substantial agreement for classifying disc morphology, with inter-reader s of 0.79 and 0.68, respectively.
14,15 A formal reliability study using many of the images included in this study, read by 4 independent blinded readers using structured data forms, showed overall substantial to almost perfect agreement on disc morphology (summary ϭ 0.81 (95% CI: 0.78, 0.85). 16 The lower reliability in the current study may relate to the lack of a structured data form for the radiologist, the difference in context between a formal study and clinical practice, the level of expertise of radiologists participating in formal reliability research, the additional chance for error introduced by the need to abstract data from free text reports, or a combination of factors.
The disagreements in the current study were also significantly asymmetric, with morphology scores higher for clinicians compared with radiologists. This difference occurred despite the methodologic design of choosing the more abnormal morphologic category when the radiology report was equivocal between 2 categories. The reason why clinicians' ratings of morphology were more abnormal than the radiologists' is unclear. It is possible that clinicians were influenced by the patient's symptoms. In a study by van Rijn et al, comparing MRI interpretation with and without clinical information, the addition of clinical information lowered the threshold for reporting bulges, though no difference in reported herniation was seen. 17 The asymmetry may also result from differences in training; however, in a formal reliability study using some of the same cases studied here, we found no difference in agreement between radiologists and between radiologists and an orthopedic surgeon. 16 
Limitations
This study relies on the abstraction of data from free text dictations, a process that is not optimal nor completely comparable with the clinician's data. However, it is the only option to compare a large number of standard practice radiologist outcomes. Efforts were made to minimize the inaccuracies inherent in the abstraction as described in the methods. In addition, the clinicians in this study were a specialized group whose practices are dominated by spine problems and who have extensive experience interpreting spine MRIs. As a result, our results may, in fact, underestimate the true occurrence of disagreements between clinicians and radiologists in routine clinical practice.
Conclusion
For MRI readings on patients with lumbar disc herniation, agreement between clinical spine specialists completing a data form and radiologists using free-text dictation is excellent when comparing herniation level and location within the level, but agreement is only fair when comparing disc morphology. Care should be taken to avoid common pitfalls. Transitional vertebrae may lead to confusion between vertebral levels. Disc morphology should be described as per the guidelines, because the prevalence of different morphologies varies substantially in asymptomatic populations. Also, left/right confusion must be considered a potential reason for discrepancy between lateralization of clinical symptoms and lateralization of a herniation on a radiology report. Potential consequences related to surgical treatments must not be underestimated, as wrong site, wrong level, and wrong side surgeries can occur and, in fact, may be underreported, given the potential difficulties in identifying side, level, and location, not only before surgery but intraoperatively as well.
Key Points
• Radiation reports frequently fail to provide sufficient detail to describe herniation morphology.
• When comparing MRI interpretations, radiologists and clinicians were found to agree on presence and level of herniation 93.4% of the time.
• Radiologists and clinicians had only fair agreement ( ϭ 0.24) when interpreting herniation morphology.
